
Hydroclimatic Change on the Salt andHydroclimatic Change on the Salt and 
Verde River Watersheds, Arizona

Timothy W. HawkinsTimothy W. Hawkins
Shippensburg University

AWRA Spring Specialty Conference
May 6, 2009



OutlineOutline

• Watershed descriptionWatershed description
• Water resources background
• Temperature and precipitation• Temperature and precipitation
• PDO
S• Snow

• Streamflow
• Hydrologic model
• Evaporation and soil moisture



Salt and Verde River WatershedsSalt and Verde River Watersheds

• 33 800 km233,800 km

• 6 dams/reservoirs
2 3 illi ft it– 2.3 million ac‐ft capacity

– 1 million ac‐ft delivered/yr

– 40% central AZ water

– 4 million residents

– 2040: 8 million residents

• Salt: 88% of capacity



Average HydroclimateAverage Hydroclimate

Precipitation
Potential 

RunoffPrecipitation
Evaporation

Runoff

January  ‐March 30% 5% 46%

July ‐ September 37% 58% 12%
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IPCC Projected Change 2080‐2099IPCC Projected Change 2080 2099



Lake Roosevelt and dam Phoenix

40

Roosevelt Dam Precipitation

Water 
ResourcesLake Roosevelt, July 2002
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Temperature and PrecipitationTemperature and Precipitation

• 9 USHCN stations9 USHCN stations

• 4 Salt, 5 Verde

3 6 2239• 376‐2239 m

• Monthly, seasonal, 
annual data

• Record start: 1867‐
1916
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Seasonal TemperatureSeasonal Temperature

• Greater recent 8Greater recent 
trends

• POR
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PDO and PrecipitationPDO and Precipitation

• Similar SST as El NiñoSimilar SST as El Niño

• 20‐30 year cycle

C l i h i• Correlates with precip.
3003.0
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SnowSnow

• 12 SNOw TELemetry
– 2103‐2804 m

– Start in 1983



SnowSnow

• Most trends not significantMost trends not significant

• Decrease in SWE
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StreamflowStreamflow

• 2 USGS gagesg g
– Salt: 1914
– Verde: 1946
E i• Entry points to 
reservoir system

• Annual inflowAnnual inflow
– Salt: 55%
– Verde: 35%
– Tonto: 10%

• Drainage area
S lt 11 152 k 2– Salt: 11,152 km2

– Verde: 14,229 km2
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Trends for PDO Periods

1923‐1942 
warm

1977‐2006 
warm

Precip 31 33 40 77Precip (mm/ decade) 31.33 ‐40.77
Snowfall (mm/decade) 352.69 *‐311.28
Salt Qavg (m3/s/decade) 5.58 *‐8.99
Verde Qavg (m3/s/decade) NA *‐6.92
Salt Qmax (m3/s/decade) 16.11 ‐30.21
Verde Qmax (m3/s/decade) NA **‐41.64Qmax (m /s/decade)

Salt Q ratio (1/decade) 0.01 **‐0.03
Verde Q ratio (1/decade) NA *‐0.02

*   95% conf.
** 90% conf.



Hydrologic ModelHydrologic Model

• 1485 grid cells1485 grid cells

• Monthly PRISM input

C f il i• PCA of soil moisture

SETMPmmSM r −−+=Δ )(
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Questions?
Horseshoe “Lake” and dam, July 2002

Tim Hawkins
Department of Geography and Earth Sciencep g p y

Shippensburg University
twhawk@ship.edu


